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LQGXVWULDODQGDJULFXOWXUDOXVHUVWKURXJKWKHDTXHGXFWV:DWHUPDQDJHPHQWLQYROYHVWKHXVHRIYDULRXVLQIUDVWUXFWXUHV
DQG WHFKQRORJLHVFDXVH WKHH[WUHPHPRUSKRORJLFDOYDULDELOLW\RI WKH WHUULWRU\>@*URXQGZDWHU UHSUHVHQW WKHPDLQ
VRXUFHRIIUHVKZDWHUIRU,WDOLDQSRSXODWLRQV>@LWLVJHQHUDOO\RIEHWWHUTXDOLW\EHFDXVHWKH\DUHPRUHGLIILFXOWWREH
UHDFKHGE\DQWKURSRJHQLFFRQWDPLQDWLRQHYHQWV
&RUUHFWDQGVXVWDLQDEOHPDQDJHPHQWRIZDWHUIRUKXPDQXVHZLOOHQVXUHKHDOWK\HFRV\VWHPVZKLFKZLOOLQWXUQ
VHFXUHWKHFRQWLQXHGDYDLODELOLW\RIZDWHUIRUKXPDQXVHLQWKH:DWHU)UDPHZRUN'LUHFWLYHWKHVHLVFDOOHG³HFRV\VWHP
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VHUYLFHVRQZKLFKKXPDQVGHSHQG>@7KHTXDOLW\FULWHULDDUHLQGLFDWHGLQWKH(XURSH:DWHU%OXHSULQWFORVHO\UHODWHG
WRWKH(8
V6WUDWHJ\DQGLQSDUWLFXODUWRWKH5HVRXUFH(IILFLHQF\5RDGPDSRIZKLFKWKH%OXHSULQWLVWKH
ZDWHU PLOHVWRQH 7KH ³%OXHSULQW´ DFWLRQV DLPV WR IRFXV RQ EHWWHU LPSOHPHQWDWLRQ RI FXUUHQW ZDWHU OHJLVODWLRQ
LQWHJUDWLRQRIZDWHUSROLF\REMHFWLYHVLQWRRWKHUSROLFLHVDQGILOOLQJWKHJDSVLQSDUWLFXODUDVUHJDUGVZDWHUTXDQWLW\
DQGHIILFLHQF\>@ ,W LVEDVHGRQ LQIRUPDWLRQDQGDQDO\VLV LQFOXGLQJ(($6WDWHRI:DWHU5HSRUW WKH&RPPLVVLRQ
$VVHVVPHQW RI WKH0HPEHU 6WDWHV5LYHU%DVLQ0DQDJHPHQW 3ODQV 5%03V DQG5HYLHZRI WKH 3ROLF\ RQ:DWHU
6FDUFLW\DQG'URXJKWVDQGWKH)LWQHVV&KHFNRI(8)UHVKZDWHU3ROLF\ZLWKWKH,PSDFW$VVHVVPHQWDWWDFKHG>@
7KH:DWHU)UDPHZRUN'LUHFWLYH(&LPSOHPHQWHGDWQDWLRQDOOHYHOE\/HJLVODWLYH'HFUHHRI$SULO
VRFDOOHG³7HVWR8QLFR$PELHQWDOH´WKDWLVVRPHWKLQJVLPLODUWR³7KHRQH
VFRGHIRUHQYLURQPHQW´,Q,WDO\HDFK
5%03ZDVDGRSWHGE\WKHµSHUPDQHQWLQVWLWXWLRQDOFRQIHUHQFH¶RIWKH5%'$XWKRULW\RQ)HEUXDU\DOO5%'V
H[FHSW,7*DGRSWHGRQ)HEUXDU\DQG,7+RQ0DUFK7KHHLJKW,WDOLDQ5%03VZHUHDGRSWHGE\WKH
LQVWLWXWLRQDO FRPPLWWHHV RI WKH SURYLVLRQDO 5%' $XWKRULWLHV LQ HDUO\  WKH SURYLVLRQDO QDWXUH RI WKH 5%'
$XWKRULWLHVLVGLVFXVVHGLQ6HFWLRQRQ*RYHUQDQFHDQGLQ-XO\DOOWKH5%03VUHFHLYHGDSRVLWLYHRSLQLRQ
IURPWKH6WDWH5HJLRQDO&RXQFLO7KHDFWXDODGRSWLRQLVEDVHGRQ/DZQRI)HEUXDU\ODWHUFRPSOHWHGE\
$UW RI /HJLVODWLYH'HFUHH Q RI 'HFHPEHU  DQG LV GRQH E\ WKH ,QVWLWXWLRQDO&RPPLWWHHV LQFOXGLQJ
PLQLVWULHVRINH\DGPLQLVWUDWLRQVDQGSUHVLGHQWVRIWKHUHJLRQVRIWKHQDWLRQDOULYHUEDVLQDXWKRULWLHVHQODUJHGZLWKWKH
UHJLRQVEHORQJLQJWRWKHGLVWULFWV7KH\SXEOLVKHGWKH5%03VWRJHWKHUZLWKWKH3URJUDPPHVRI0HDVXUHVRQWKHDERYH
PHQWLRQHGGDWHV
$SXOLDUHJLRQEHORQJVWRWKH6RXWKHUQ$SHQQLQHV'LVWULFWZKLFKUHSUHVHQWVRIWKHZLWKGUDZDOVIURPZHOOV
LQWKHZKROH,WDOLDQWHUULWRU\ZKLOHLWLVLQILUVWSODFHZLWKRIVDPSOHVIURPVSULQJVDQGWKHVHFRQGZLWKIRU
ZLWKGUDZDOV IURP VXUIDFHZDWHUV ,W LV FOHDU WKDW WKHUH LV D ELJ GLIIHUHQWLDWLRQ DQG GLYHUVLILFDWLRQ RI LQIUDVWUXFWXUH
DVVLJQHG WR ZDWHU VXSSO\ IRU GULQNLQJ SXUSRVHV JLYHQ WKH FRQVLGHUDEOH TXDQWLWLHV FDSWXUHG E\ VRXUFHV ZLWK VXFK
GLIIHUHQWRULJLQV>@
7KH,WDOLDQDQG$SXOLDQHWZRUNRIDTXHGXFWV
,WDO\LVGLYLGHGLQ$722SWLPDO7HUULWRULDO$UHDVLQFOXGLQJUHJLRQDODQGLQWHUUHJLRQDO$72/HPHQH
IRUWKH5HJLRQVRI)ULXOL9HQH]LD*LXOLDDQG9HQHWR>@7KHWDVNRIWKH$72LVWRDFKLHYHHFRQRPLHVDWYDULRXV
VFDOHOHYHOVE\LQWHJUDWLQJDOOWKHDFWLYLWLHVLQFOXGHGDERXWZDWHUVHUYLFH7KH,WDOLDQWRWDOZDWHUQHWZRUNDPRXQWVWR
DERXWNP$XVHIXOSDUDPHWHUWKDWSURYLGHVPRUHVSHFLILFJXLGDQFHGHSHQGLQJRQWKHWHUULWRU\LQTXHVWLRQ
LVWKHGHQVLW\RILQIUDVWUXFWXUHLHWKHUDWLREHWZHHQNLORPHWHUVRIDTXHGXFWDQGUHVLGHQWSRSXODWLRQWKHSDUDPHWHULV
PHDVXUHGLQNPDE7KHFRYHUDJHLQWKHWHUULWRU\RIWKH,WDOLDQZDWHUVHUYLFHPD\IXUWKHUEHUHSUHVHQWHGLQVXPPDU\
ZD\E\WKHYDOXHRISDUDPHWHU,ILWLVKLJKPHDQVWKDWUHJLRQKDVH[WHQVLYHPRXQWDLQDUHDVDQGRUUHGXFHGVXSSO\
EDVLQVDQGRUVFDWWHUHGRQODQG,ILWLVORZPHDQVWKHFRQWUDU\LHWKHSRSXODWLRQLVFRQFHQWUDWHGDQGEDVLQVDUHODUJH
DQGIHZ
,W LV HVWLPDWHG DW OHDVW  NP RI QHWZRUN QHHG RI UHFRQVWUXFWLRQ DQG  RI WKH WRWDO GLG QRW XQGHUJR
H[WUDRUGLQDU\PDLQWHQDQFHIRUWZHQW\\HDUV7KHDYHUDJHDJHRIXSWDNHEXLOGVLV\HDUVSXPSVEHWZHHQDQG
GULQNLQJZDWHU WUHDWPHQW SODQWV  DQG WDQNV  >@2I DOO WKH$SXOLDPDQDJHUV RQO\  DUH0XQLFLSDOLWLHV
FRPSDUHGWRWKHQDWLRQDODYHUDJHRIEHFDXVHRIZDWHULVPDQDJHGE\$SXOLD$TXHGXFWZKRLVWKH$XWKRULW\
GHDOLQJZLWKKLJKHVWZDWHUTXDQWLWLHVLQ,WDO\LQWHUPVRIVHUYHGPXQLFLSDOLWLHV)RUWKHILUVWWLPH,67$7TXDQWLILHVWKH
GDWDIURPZDWHUUHVRXUFHVWUDQVIHUEHWZHHQUHJLRQVLWVKRZVKRZWKHPRVWVLJQLILFDQWZDWHUH[FKDQJHLQWHUPVRI
YROXPHRFFXULQWKH&HQWUH6RXWKDQGWKDW$SXOLDUHJLRQUHFHLYHVDOOWKHZDWHUIURP0ROLVHDQG%DVLOLFDWDUHJLRQV
$OZD\VWKH$SXOLDUHJLRQLVWKHRQHZLWKJUHDWHUYROXPHRILQFRPLQJZDWHUPLOOLRQPLHRIWKHWRWDO
UHTXLUHPHQW IROORZHG E\&DPSDQLD PLOOLRQP9DOOH G
$RVWD 7UHQWLQR$OWR$GLJH$EUX]]R 6LFLOLD DQG
6DUGHJQDDUHVHOIVXIILFLHQWDQGFORVHGIURPZDWHUVWDQGSRLQWRIVLQFHWKH\PDNHQRH[FKDQJHRIDQ\NLQG
6XUIDFHZDWHUIRUGULQNLQJZDWHUSXUSRVHVLQ3XJOLD
7KH/HJ'UHTXLUHVWKDWZDWHUVXUIDFHLQWHQGHGIRUGULQNLQJSXUSRVHVDUHFODVVLILHGLQFDWHJRULHV$$
$GHSHQGLQJRQWKHLUSK\VLFDOFKHPLFDODQGPLFURELRORJLFDOFKDUDFWHULVWLFV'HSHQGLQJRQWKHFDWHJRU\ZDWHUVDUH
VXEMHFWHGWRGLIIHUHQWWUHDWPHQWV,Q$53$3XJOLD5HJLRQDO$JHQF\IRU(QYLURQPHQWDO3URWHFWLRQPRQLWRUHG
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WKH WZRPDLQ UHVHUYRLUV WR HYDOXDWH WKHSRVVLELOLW\ WRREWDLQGULQNLQJZDWHU LQ3XJOLD WKH2FFKLWR ODNH LQ )RJJLD
SURYLQFHDQG/RFRQHODNHLQ%DULSURYLQFH,QHDFKUHVHUYRLUVKDYHEHHQLQVWDOOHGDPRQLWRULQJVWDWLRQWRHYDOXDWH
TXDOLW\ZDWHUIRUWKHVSHFLILFXVHLQWHQGHG7KHZDWHUVRIERWKEDVLQVDUHZLWKLQOLPLWVRIWKH&DWHJRU\$VRUHTXLUH
EHIRUHWKHLUXVHDQRUPDOSK\VLFDOFKHPLFDOWUHDWPHQWDQGGLVLQIHFWLRQ1RQHWKHOHVVLWLVLPSRUWDQWWRKLJKOLJKWWKDW
ZLWKLQWKHVDPHFDWHJRU\WKHVLWXDWLRQRIWKHUHVHUYRLU/RFRQHDSSHDUVPRUHFULWLFDODQGVHQVLWLYHLQWKHUHVSHFWRIWKH
OLPLWV7KHUHVHUYRLU2FFKLWRSUHVHQWHGDVLQJOHFULWLFDOLVVXHVUHODWHGWRH[FHHGDQFHVRI%2'FRQFHQWUDWLRQLQVRPH
VDPSOHVFRPSDUHGZLWK WDEOH OLPLWV IRU LWV LQFOXVLRQ LQ&DWHJRU\$7KHUHIRUHQRZDGD\VZDWHUXSWDNHPXVWEH
SUHGRPLQDQWO\IURP3HUWXVLOORODNH>@
&KDUDFWHUL]DWLRQRI7DUDQWRSURYLQFH
6XUIDFHZDWHUIRUGULQNLQJZDWHUSXUSRVHVLQ$SXOLD
7KH 7DUDQWR¶V SURYLQFH LV DQ ,WDOLDQ SURYLQFH RI VRXWKHUQ 3XJOLD RI  LQKDELWDQWV 7KH WHUULWRU\ LV
FKDUDFWHUL]HGE\KLJKQDWXUDOLVWLFYDOXHVVXFKDVSDUWLFXODULPSRUWDQFHRUFRPPXQLW\LQWHUHVWVLWHV7KH³$UFR,RQLFR
7DUDQWLQR´LVFKDUDFWHUL]HGE\DQDULGFOLPDWHZLWKDYHUDJHDQQXDOUDLQIDOORIEHWZHHQPPDQGPP,WKDVD
KLJKDQQXDOSRWHQWLDOHYDSRWUDQVSLUDWLRQEHWZHHQPPDQGPPZLWKSHDNVRIPPLQ-XO\>@7KHUH
LVDQDQRPDORXVEHKDYLRUZKLFKLVDJURZLQJWUHQGLQUDLQIDOOZLWKGLVWDQFHIURPWKHVHD7KH³0HWDSRQWLQD´SODQH
DOORZV WKH SHQHWUDWLRQ RI WKH KLQWHUODQG RI WKH VRXWKHUQ KXPLG FXUUHQWV IURP WKH VHD 7KH JHQHUDO JHRORJLFDO
FKDUDFWHULVWLFVRIWKH&RQFDGL7DUDQWRDUHLQWKHYLHZRIWKH$SXOLDUHJLRQDXQLWZHOOGHILQHGZLWKWKHUROHRI
IRUHODQGDQGLVFKDUDFWHUL]HGE\DPRQRWRQRXVVXFFHVVLRQRI0HVR]RLFOLPHVWRQHWKDWH[WHQGVZHVWZDUGEH\RQGWKH
0XUJLDDQG7DUDQWR IRUP WKH VXEVWUDWHRI WKH3OLRFHQHSLWYDOOH\RI%UDGDQR)XUWKHUPRUH7DUDQWR¶VSURYLQFH LV
FKDUDFWHUL]HGE\DJUHDWYDULDELOLW\LWFKDQJHVIURPPRUHUHVLVWDQWPRUSKRORJ\DQGPRYHVOLJKWO\LQFRUUHVSRQGHQFH
RIWKHFDOFDUHRXVRXWFURSVDQGFDOFDUHQLWLF WRRQHDUHDVDOPRVWIODWVORSLQJJHQWO\WRZDUGVWKHVHDLQZKLFKORRVH
4XDWHUQDU\GHSRVLWVSUHGRPLQDQWO\FURSXS7KHPRUSKRORJ\LVVRPHWLPHVPRUHDOLYHWRWKHSUHVHQFHRIGHHSJXOOLHV
DQGUDYLQHVZKLFKLQQRUWKVRXWKGLUHFWLRQDIIHFWVWKHFDOFDUHRXVVHGLPHQWVDQGFDOFDUHQLWLF,QWKHOLPHVWRQHRXWFURSV
DUHQRWLFHGPRUHRUGHUVRIWHUUDFHVOLPLWHGE\FOLIIVZKLFKDUHWKHGRPLQDQWPRUSKRORJLFDOHOHPHQWLQWKHZKROHDUHD
)LQDOO\ WKHUH DUH VOLJKWO\ GHSUHVVHG DUHDV LQ FOD\ FRQWHQW LQ VRLOV WKDW WR KDYH D QDWXUDO GUDLQDJH RI VXUIDFH W\SH
HQGRUKHLFDUHRIWHQVZDPSVDQGPDUVKHV
0XUJLDQDK\GURJUDSK\DSSHDUVWREHFKDUDFWHUL]HGE\WKH$GULDWLFVLGHE\DVXEVWDQWLDOQXPEHURIQDUURZEDVLQV
DQGPRGHVWGHYHORSPHQWWKDWDOPRVWQHYHUIDLOWRSRXUZDWHULQWRWKHVHDLQWKH,RQLDQVLGHRIDIDEULFULYHUKLHUDUFKLFDO
DOZD\V PRGHVW EXW VLJQLILFDQWO\ PRUH SURQRXQFHG 7KH K\GURJUDSKLF QHWZRUN PRUH LQWHUHVWLQJ LV SODFHG LQ WKH
KLQWHUODQGRIWKH*XOIRI7DUDQWRDQGLVUHSUHVHQWHGE\WKHWULEXWDULHVRI%UDGDQR7RUUHQWH*UDYLQD7RUUHQWH7RUUHQWH
*UDYLQD RI0DWHUD DQG 6DJOLRFFLD DQG WKH /DWR ULYHUV 7KH JURXQGZDWHU LV GLYLGHG LQ WZR DTXLIHU V\VWHPV RQH
DVVRFLDWHGZLWKWKHVRFDOOHGGHHSDTXLIHUORFDWHGLQWKH0HVR]RLFFDUERQDWHEDVHPHQWDWWKHOHYHORIWKHVHDWKHRWKHU
RQWKHVXUIDFHLQWKHWHUUDFHGPDULQHGHSRVLWVRYHUO\LQJFOD\VRIWKHVHGLPHQWDU\F\FOHRIWKH)RVVD%UDGDQLFD7KH
GHHSDTXLIHUDSSHDUVWREHVLJQLILFDQWEHFDXVHLWLVVXSSOLHGE\WKH7DUDEDVLQEDVHPHQWWKHVXUIDFHDTXLIHULVPXFK
OHVVDEXQGDQWDQGUHIOHFWVWKHVHDVRQDOLW\RIWKHUDLQIDOOUHJLPHLWLVFRQQHFWHGWRDFDWFKPHQWSUDFWLFDOO\FRLQFLGHV
ZLWKWKHWHUUDFHGPDULQHGHSRVLWVRYHUO\LQJFOD\VVHGLPHQWDU\F\FOHRIWKH%UDGDQLFDSLW7KHGLYHUVLW\RIWKHGRPDLQV
RIWKHWZRK\GURJHRORJLFDOOD\HUVDIIHFWWKHPRGHRIPRYHPHQWLVWKHSRZHURIWKHDTXLIHURIUHIHUHQFH
7DUDQWRSURYLQFHDQGGULQNLQJZDWHUGLVWULEXWLRQ
2IILFLDO GDWD IURP ,67$7 >@ LQGLFDWH WKDW WKH WRWDO QXPEHURI UHVLGHQWV LQ7DUDQWRSURYLQFH LV 7KH
HVWLPDWLRQ RIZDWHU GLVSHUVLRQ VKRZV YDOXHV LQFUHDVLQJ DQG DERYH$SXOLD DYHUDJH )LJ  SUREDEO\ GXH WR KLJK
LQGXVWULDODFWLYLW\DQGZDWHU WKLHYHVEHFDXVHRIZHFDQQRWH WKDWYDOXHVRIZDWHU LQWURGXFHGDQGVXSSOLHGDUHYHU\
VLPLODUGXULQJWKH\HDUVVRLWLVORJLFDOWRWKLQNDERXWDQLQFUHDVHRIZDWHUWKHIWV

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
)LJ3HUFHQWDJHRIORVWZDWHUIRUGULQNLQJSXUSRVHV,67$7GDWDSURFHVVLQJE\,56$
$JULFXOWXUDODFWLYLWLHVLPSDFWV
7KH,67$7GDWDRIWKH9,$JULFXOWXUH&HQVXVVKRZVWKDWRIKDRIODQGRIWKHZKROHSURYLQFH
LVXVHGIRUIDUPLQJ2IWKLVDJULFXOWXUDOODQGKDDUHXVHGWRJURZDUDEOHODQGRIZKLFKDERXW
LVXVHGWRJURZZKHDWRUFXOWLYDWLRQRIFHUHDOFURSVDQGDERXWXVHGIRUIRGGHUKDDUHFXOWLYDWHG
ZLWKZRRG\FURSVRIZKLFKRUFKDUGVDQGKDDUHXVHGIRUWKHFXOWLYDWLRQRIKRUWLFXOWXUDORUSHUPDQHQW
FDPSV7RWKHVHDUHDGGHGWKHKDRIODQGXVHGIRUJUHHQKRXVHV7KHWRWDOQXPEHURIFRPSDQLHVLQYROYHGLQ
DJULFXOWXUHDPRXQWHGWR)XUWKHUPRUHWKHVDPH&HQVXVLQGLFDWHWKDWKDRIODQGDUHXVHGIRUJUD]LQJ
E\DWRWDORIOLYHVWRFNIDUPV7KHKHDGVLQWKHDUHDDUHRIZKLFKFDWWOHSLJV
SRXOWU\DQGKHDGVRIRWKHUHQWLWLHV
5HJDUGLQJWKHXVHRIIHUWLOL]HUVRUPDQXUH,67$7GDWDVKRZWKDWDQQXDOO\DUHXVHGTRIRUJDQLFIHUWLOL]HU
DQGTRIPLQHUDOIHUWLOL]HUV7KHSULQFLSDOLVPLQHUDOIHUWLOL]HUVVLPSOHZLWKTDQGQLWURJHQFRPSRXQGV
ZLWKT$VUHJDUGVWKHRWKHUIHUWLOL]HUVXVHGWKHUHLVWKHXVHRITRIFDOFLXPTRIQLWUDWH
TRIDPPRQLXPVXOIDWHTRIXUHDDQGTRIRWKHUQLWURJHQRXV$QH[DPLQDWLRQRIWKHFURSVLQWKHDUHD
HVWLPDWHGLUULJDWLRQUHTXLUHPHQWVZKLFKDPRXQWHGWRPLOOLRQPRIZKLFKRQO\0PGLVWULEXWHGWKURXJKWKH
FRQVRUWLXPQHWZRUNVRIWKH³&RQVRU]LRGL6WRUQDUD´DQG³7DUD´WKH\DUHGHULYHGIURPH[WUDUHJLRQDOVRXUFHVXUIDFH
7KHGLIIHUHQFHEHWZHHQWKHLUULJDWLRQUHTXLUHPHQWVRILUULJDWHGFURSVDQGWKHDYDLODELOLW\RIVXUIDFHZDWHUVRXUFHLV
PHWWKURXJKJURXQGZDWHUZLWKGUDZDOVPDLQO\UHJDUGLQJWKHVKDOORZDTXLIHULQWKHZHVWHUQSRUWLRQVRIWKHDUHDRIWKH
0XUJLD7KHXQGHUO\LQJDTXLIHULQWKHFHQWUDODQGHDVWHUQSRUWLRQVRIWKHVDPHZKHUHWKHKLJKHVWFRQFHQWUDWLRQRI
ZLWKGUDZDOVIRULQGXVWULDOXVHE\WKHVDPHNDUVWDTXLIHU
,QGXVWULDODFWLYLWLHVLPSDFWV
7KHPDLQLQGXVWULDODFWLYLWLHVWKDWFRXOGFDXVHSRWHQWLDOULVNVRIJURXQGZDWHUFRQWDPLQDWLRQDUHFRQFHQWUDWHGQHDU
WKH0DU3LFFROR7KH\DUHWKH,/9$WKHODUJHVWPDQXIDFWXULQJIDFWRU\LQ,WDO\IRUWKHQXPEHURIHPSOR\HHVLWLVWKH
ODUJHVWSODQWLQ(XURSHDQGRQHRIWKHODUJHVW LQWKHZRUOG WKH$UVHQDO6KLSZLWKHPSOR\HHVDQGDERXW
LQGXVWULHVFRPSDQ\WKHIDFWRU\'DQLVKPXOWLQDWLRQDO9HVWDVIRUWKHSURGXFWLRQRIZLQGWXUELQHVZLWKDSSUR[LPDWHO\
HPSOR\HHVWKH(1,UHILQHU\UHILQLQJ	PDUNHWLQJGLYLVLRQZLWKHPSOR\HHVWKHFHQWUDO&(7DWWKH,/9$
WKHDUHDRI6RIWZDUH,QWHJUDWHG6\VWHPVRIWKH)LQPHFFDQLFDLVDOVRZRUNLQJZLWK1$6$WKHFRQWDLQHUWHUPLQDORI
7&7(YHUJUHHQ+XWFKLVRQWKHLQGXVWULDOSODQWRI$OHQLD$HURQDXWLFVLQ*URWWDJOLHWKH&HPHQWLU0DUFHJDJOLD*URXS
DQG'UHKHU+HLQHNHQQHDU0DVVDIUDWKHJUHDW)UHQFK7HOHSHUIRUPDFH7KH7DUDQWR¶VSURYLQFHLQ$SXOLDWXUQVRXWWR
EH WKH ILUVW IRU WKHQXPEHURIHPSOR\HHV LQ WKH LQGXVWU\ZLWKHPSOR\HHVSHU LQKDELWDQWV7KHVL]HDQG
FRQFHQWUDWLRQRILQGXVWULDODFWLYLWLHVLQWKHSDVWDQGSUHVHQWKDYHOHGWRWKHLQFOXVLRQRISDUWRI7DUDQWRDUHDLQVLGH
WKH ,WDOLDQ 1DWLRQDO 3ULRULW\ /LVW 6,1 LGHQWLILHG E\ WKH 1DWLRQDO 3URJUDP RI (QYLURQPHQWDO 5HPHGLDWLRQ DQG
5HKDELOLWDWLRQ0LQLVWHULDO'HFUHHQ6HSWHPEHU

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
)LJ&RPSDULVRQRIWKHHIILFLHQFLHVRIPXQLFLSDOZDVWHZDWHUWUHDWPHQWV\VWHPV
6HZDJHWUHDWPHQWSODQWLPSDFW
$ILUVWLPSRUWDQWFRQVLGHUDWLRQQHHGVWREHVDLGLQWKHODVWGHFDGHLQWKHSURYLQFHRI7DUDQWRJUHDWSURJUHVVKDV
EHHQPDGHDERXWH[WHQVLRQDQGFRQVWUXFWLRQRIPXQLFLSDOZDVWHZDWHUWUHDWPHQWSODQWVDOORZLQJWRDOLJQSURYLQFHLQ
YDOXHVRIFLWL]HQVVHUYHGE\ZDVWHZDWHUWUHDWPHQWSODQWVDWQDWLRQDODYHUDJH'DWDIURPHDFKSODQWH[FOXGHGWKRVH
ZLWK LQFRPSOHWHGDWDDOORZDFRPSDULVRQ LQSURFHVVTXDOLW\DPRQJDOO FRQVLGHUHGSDUDPHWHUV )LJ$JDLQVWD
FHUWDLQXQLIRUPLW\LQWKHUHPRYDORI667DQGDUHGXFWLRQLQ%2'DQG&2'DPRXQWGDWDVKRZGLIIHUHQFHVLQWKH
HIILFDF\RIUHPRYDORIQLWURJHQDQGWRWDOSKRVSKRUXV2EYLRXVO\WKLVVXJJHVWVWKH\PD\EHWKHPDLQUHVSRQVLEOHIRU
JURXQGZDWHUSROOXWLRQLQ7DUDQWRSURYLQFH2YHUDOOWKHGDWDVKRZDYHU\KLJKWUHDWPHQWHIILFLHQF\IRU667DQGRUJDQLF
SROOXWDQWVLIFRQVLGHUHGDVDQDQQXDODYHUDJHEXWWKHVDPHDUHQRWVRUHDVVXULQJIRUQLWURJHQDQGSKRVSKRUXV7KH
SUREOHPVDUHYHU\RIWHQ OLQNHG WRSHDNVRISROOXWDQWVRFFXUULQJ LQ VXPPHU IRU WKH LQFUHDVHRI WRXULVWV WR LOOHJDO
GXPSLQJIRUH[DPSOHYHJHWDWLRQZDWHUGXULQJRLOSURGXFWLRQWRH[FHVVUDLQZDWHUVHQGLQJLQWLOWWKHSXULILFDWLRQ
SURFHVVWRH[FHVVLYHXVHRIIHUWLOL]HUV
0RQLWRULQJGULQNLQJZDWHU
,QWKH7DUDQWR3URYLQFHLVEHHQGRLQJDQLPSRUWDQWPRQLWRULQJDFWLYLW\LWLVWKHYDOXDWLRQRIWKHGULQNLQJZDWHUDQG
LWZDVSHUIRUPHGLQDWDQNLQRQHRIWKHRIILFHRIWKH7DUDQWR¶V3URYLQFHSDODFHLQ'DULR/XSRVWUHHW7DUDQWR
7KHPRQLWRULQJDFWLYLWLHVLVVWDUWHGWKH$XJXVWDQGLWLVILQLVKHGWKH'HFHPEHU7KHVWDWLRQLVIRUPHG
E\WKHDWHOHPHWULFVWDWLRQDQGDOOWKHGDWDDUHFROOHFWHGWKURXJKD*356V\VWHP7KHPRQLWRULQJVWDWLRQXVHGLQWKH
SURMHFW LV SURYLGHG E\ 6(%$+\GURPHWULH 7KH LQVWUXPHQW XVHG LV WKH 6OLP/RJ&RP*URXQGZDWHU0RQLWRULQJ ±
2QOLQH7KH*60*356WUDQVPLVVLRQDQGGDWDORJJLQJV\VWHPDOVR6OLP/RJ&RP6OLP/RJ&RPLVDPLQLDWXUHGDWD
WUDQVPLVVLRQ V\VWHPZLWK LQWHJUDWHGGDWD ORJJHU IRUDQHFRQRPLFFRQWURORI JURXQGZDWHUPRQLWRULQJ VWDWLRQV7KH
6\VWHPLVFRPSRVHGE\D6OLP/RJ&RP6\VWHP6(%$+'$¶¶WRXJKDQGUREXVWKDQGKHOG´5REXVW3'$IRUWRXJK
ILHOGRSHUDWLRQVDQGDQDOWHUQDWLYHWRWKHQRWHERRN9LEUDWLRQLPSDFWGXVWDQGZDWHUUHVLVWDQWPDJQHVLXPKRXVLQJ
DFFRUGLQJWR,3IRUWKHRSHUDWLRQEHWZHHQ&DQG&2SHUDWLRQWLPHRIXSWRKRXUVRQRQHFKDUJH6LPSOH
RSHUDWLRQUHVSRQVHLQSXWRISDUDPHWHUVHJRIFRQWUROYDOXHVYLD7)7FRORXU/&WRXFKVFUHHQWKHVW\OXVLQFOXGHGLQ
WKHGHOLYHU\RSHUDWLRQ VRIWZDUH6(%$&RQILJ&( IRU VLPSOHSURJUDPPLQJ DGMXVWPHQW DQGRSHUDWLRQRI WKH HQWLUH
6OLP/RJ&RP7KH6HED6\VWHPXVHGLVFRPSRVHGE\DSUHVVXUH6HQVRUIRUZDWHUOHYHOUHJLVWUDWLRQFRPELQHGZLWKD
VHQVRU IRU WKH ZDWHU WHPSHUDWXUH ,W KDV DOWKRXJK D PXOWLSDUDPHWHU VHQVRU IRU WKH PRQLWRULQJ RI ZDWHU TXDOLW\
SDUDPHWHUVIRUFRQGXFWLYLW\S+GLVVROYHG2WXUELGLW\6DOLQLW\7'6DQG'HQVLW\
7KHPHDVXUHVKDYHEHHQVHWVXFKDVWRUHFRUGDPHDVXUHPHQWHYHU\KRXU,QDGGLWLRQWRWKHSDUDPHWHUVWDNHQLQWR
FRQWLQXRXVZHUHFROOHFWHGVDPHVDPSOHVRIZDWHUGXULQJWKHPRQLWRULQJLQZKLFKZHUHDQDO\]HGWKHPDLQSDUDPHWHUV
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FRQWUROOLQJZDWHUGULQNDEOHTXDOLW\VWDQGDUGDFFRUGLQJWR/HJ'DQGVXEVHTXHQWDPHQGPHQWVPRGLILFDWLRQV
7KHFKHPLFDODQDO\VLVKDGGHPRQVWUDWHGWKDWDOOWKHYDOXHVDUHLQDGHWHUPLQHUDQJH7DEOH
7DEOH'DWDRIFKHPLFDODQGPLFURELRORJLFDOPRQLWRULQJRIWKHWDQNRIGULQNLQJZDWHURIWKH7DUDQWR¶V3URYLQFH
 12 12 &O 62 1D 0J )H &X (&ROL
7RWDO
&ROLIRUPV
(QWHUR
FRFFL
3
$HUXJLQRVD &RO& &RO&
UDQJH PJO PJO PJO PJO PJO JO JO PJO &)8PO
&)8
PO
&)8
PO
&)8
PO &)8PO &)8PO
0D[              
0LQ              

7KH UHVXOWV RI WKH FKHPLFDO DQGPLFURELRORJLFDO DQDO\VLV ZHUH UHODWHG WR WKH OHJDO OLPLWV RI GULQNLQJZDWHU DV
H[SUHVVHGE\/HJ'DQGVXEVHTXHQWDPHQGPHQWVDVWKH\DUHOLVWHGLQWKHIROORZLQJWDEOHV$VUHJDUGVWRWKH
UHVXOWVRIFKHPLFDODQGPLFURELRORJLFDODQDO\VLVRIZDWHUVDPSOHVFRQWUROOHGLWZDVSRVVLEOHWRYHULI\WKDWLQERWKWKH
VDPSOHVDOOWKHYDOXHVIDOOZLWKLQWKHOLPLWVRIWKHODZWKXVUHVXOWLQJGULQNLQJZDWHUDQGLQDJRRGVWDWH7KHFRQWLQXRXV
DQDO\VLVGHWHFWHGE\WKHSUREHZHUHH[DPLQHGE\GHYHORSLQJVRDSHUIRUPDQFHRIWKHYDULRXVSDUDPHWHUVGXULQJWKH
ZKROHSHULRG )LJ 7KHYDOXHVREWDLQHG DSSHDU WREH FRQVLVWHQW WKURXJKRXW WKH WLPHRI WKHPRQLWRULQJKDYLQJ
UHVSHFWLYHO\DVOLJKWYDULDWLRQ7DEOH7KHYDOXHVZHUHFRUUHODWHGZLWKWKHOLPLWVRIWKHODZ'/JV


)LJ3ULQFLSDOSK\VLFDOSDUDPHWHUWRGHILQHWKHTXDOLW\RIWKHGULQNLQJZDWHU&RQGXFWLYLW\6DOLQLW\'HQVLW\7'6S+DQG'LVVROYHG2[\JHQ
7DEOH3ULQFLSDOSK\VLFDOSDUDPHWHURIWKHWDQNRIGULQNLQJZDWHURIWKH7DUDQWR¶V3URYLQFH
 &RQGXFWLYLW\ȝ6FP 6DOLQLW\368 'HQVLW\.JP 7'6PJO S+ 'LVVROYHG2[\JHQPJ/2
9DOXH0HGLXP      
9DOXHPD[      
9DOXHPLQ      

,WFDQEHFRQFOXGHGWKDWDOOWKHYDOXHVGRQRWQHYHUH[FHHGWKHOLPLWYDOXHVODLGGRZQE\'HFUHH/DZ7KHUHPD\
EHDROLJRPLQHUDOZDWHUYHULILHGE\WKHYDOXHRIWKH&RQGXFWLYLW\DQGRIWKH7'67KHVDOLQLW\LVDOZD\VOHVVWKDQWKH
OLPLWVDVZHOO DV WKHGLVVROYHGR[\JHQ LQ WKHZDWHU7KHGHQVLW\ LVFRPSOLDQWDQGS+GHWHUPLQHVZDWHUQHXWUDOLW\
0LFURELRORJLFDODQDO\VLVLVSRVVLEOHWRILQGDWRWDODEVHQFHRIH[WHUQDOFRQWDPLQDWLRQRIWKHZDWHUWKDWUHDFKHV7DUDQWR
3URYLQFHDQGWKHVDPHWKLQJZLWKUHJDUGWRDOOWKHRWKHUHOHPHQWVDQDO\]HG
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&RQFOXVLRQV
)URPWKHDQDO\VLVFDUULHGRXWRQWKHWHUULWRU\RI7DUDQWRKDVEHHQPDNHFOHDUDVRIJUHDWLPSRUWDQFHLVWKHSUHVVXUH
WKDWH[LVWVRQJURXQGZDWHULQERWKWKHLQGXVWULDODQGWKHDJULFXOWXUDOZRUOG7DUDQWRLQGXVWULDODUHDKDVSURGXFHGRYHU
WKH\HDUVYDULRXVNLQGVRIHPLVVLRQVWKDWKDYHDOWHUHGDQGSROOXWHGWKHODQGVHDDQGJURXQGZDWHU,QWKHVDPHZHLJKW
KDYHFRQWULEXWHGKXPDQDFWLYLWLHVLQWKHDUHDPLOLWDU\SRUWVKLSEXLOGLQJHWFDQGDOOWKRVHUHODWHGWRWKHPDQDJHPHQW
RIWKHZDVWHSURGXFHGE\VXFKDFWLYLWLHV$WWKHVDPHWLPHWKHDJULFXOWXUHDFWLYLWLHVKDYHFDXVHGDQLPSRUWDQWLPSDFW
RQWKHODQGLQSDUWLFXODUZLWKDZURQJXVHRIWKHIHUWLOL]HUV,WLVEHHQLPSRUWDQWGHPRQVWUDWHWKDWWKHVHZDJHWUHDWPHQW
SODQWV GRQ¶W KDYH DQ LPSDFW RQ WKH ODQG IRU WKHLU JRRGTXDOLW\RI IXQFWLRQDOLW\7KH DFWLYLW\RIPRQLWRULQJRI WKH
GULQNLQJZDWHUKDVDOORZWREHDEOHWRHOLPLQDWHVRXUFHVRIFRQWDPLQDWLRQRIWKHGULQNDEOHZDWHURIWKHEHKDYLRUWKDW
UHDFKWKHEXLOGLQJRIWKHSURYLQFHRI7DUDQWR7KHPRQLWRULQJRIWKHWDQNDWWKHVLWHRIWKHSURYLQFHRI7DUDQWRKDV
KLJKOLJKWHG KRZ WKHZDWHU WKDW UHDFKHV WKH VWDEOH KDV D KLJK GULQNDELOLW\ UHWXUQLQJ SHUIHFWO\ LQ DOO WKH OLPLWDWLRQV
LPSRVHGE\WKH,WDOLDQOHJLVODWLRQ7KHPRQLWRULQJRIGULQNLQJZDWHUKDVDOORZHGWKHGHILQLWLRQRIJRRGTXDOLW\ZDWHU
LQWKHSLSHVRIWKH3URYLQFHRI7DUDQWRDQGDWWKHVDPHWLPHWRHOLPLQDWHSRVVLEOHFRQWDPLQDWLRQRISLSHOLQHV7KH
HQWLUHVWXG\KDVDOORZHGWRLGHQWLI\LQWKHJURXQGZDWHURIWKH7DUDQWRODQGDSRVVLEOHH[SORLWDEOHZDWHUUHVRXUFHVLQ
WKHIXWXUH
5HIHUHQFHV
>@ $&DODEUHVH9$QFRQD9)8ULFFKLR&&DPSDQDOH0$,DQQDUHOOL1HZ$SXOLD1LWUDWHV$FWLRQ3ODQ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